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. MEMORANDUM 

SUBJECT: 

1'0: 

FROM: 

THROUGH: 

UNr'IlDITATI.INVI ..... NTAL 'IIIOTIC11ON AQINCY 
WASHINGTON. D.C. I04IO 

MAY A 199, 

• 

omcIOI' 
PEITICCII AND TOXIC 

aullTANCEI 

DowElanco R •• pon.. to Previous EPA Reviews of 
Mutagenicity Studies on 2,4-D TIPA, 2,4-D IPA, and 
2,4-D BEE 

Coombs/waldrop, PM 71 
SMO (H7508W) 

(J r"\. n u-~ --. 

Byron T. Backus, Ph.D., 'l!oxicoloqist -r:::i .. , I Q.,-
Toxicoloqy Branch 2 \[ ~ ~ 
HED (H7509C) , 17 ~~ 
K. Clark Swentzel 1(, c;t;/ ~ '(fz.7/1'2-
section Head, Review Section 2 
Toxicoloqy Branch 2 
HED (H7509C) 

and 

Marcia van Gemert, Ph.D., Branch Chief ! 
Toxicology Branch 2 ./}, /I/'J "" r;;.AMA i~ ,i ~O 19J.. 
HED (H7509C) //I~rv TI '(~ 

DP Barcode 0162581 SUbmission: 8406334 

Project No. 2-0393 10#: 030025 

Tox. Chem. 030035 (2,4-0 TIPA, Caswell 1315AE), 030025 (2,4-0 IPA, 
Caswell '315U), and 030053 (2,4-D BEE, Caswell '31SA!) 

study Classitication Blyil1ons: The 2,4-0 TIPA mouse micronucleus 
assay is reclassitied a. acceptable (original study in MRID 414783-
02, with additional information in MRID 420157-02). This study 
satistias guideline data requirements tor a micronucleus assay (84-
2(3)(8). The Amee a •• ay. for 2,4-D TIPA (MaID 413882-02 and 
417979-01, with additional information in 420157-01), for 2,4-0 IPA 
(MRID 413882-03 and 417979-02, with additional information in 
420157-01), and 2,4-D BEE (MRID 413882-04 and 417979-03, with 
additional information in 420157-01) are recla •• ified aa 
conditionally acceptable, and would satisfy the guideline d.ata 
requirements for a Salmonella typhimurium assay (84-2 (1», provided 
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the registrant conducts two studi •• on both 2,4-D BEl and 2,4-0 
IPA, and one .tudY on 2,4-0 TIPA, to meet the new (March, 1991) 
mutagenicity guidelines, series 84 of Subdivision F, Addendum 9 to 
the Pesticide Assesament Guideline. (aee attached copy) • 
Specifically, t.hese studies would include iI mammftlian cells in 
culture forward gene ml.ltation assay (such as a study utilizing 
mouse lymphoma L5178Y cells and the thymidine kinase gene locus, 
maximizing assay conditions for small colony expression and 
detection) for all 3 compounda, and an in ~ cytogenetics study 
(preferably using rodent bone marrow) using' either metaphase 
analysis for chromosomal aberrations or a micronucleus assay (for 
2 f 4-0 IPA and 2,4-0 BEE). Note that a UDS IUlsay would not be 
appropriate. 

Action Requested: 

Review the registrant's responses to a numher of mutagenicity study 
reviews on 2 f 4-0 BEE, 2 f 4-0 TIPA, and 2,4-0 IPA. Six of the 
studies (the UOS and mouse micronucleus assays) were reviewed at 
Dynamac, while the Salmonella (Ames) studies were reviewed within 
HED. 

Comments and Recommendations: 

1. In the UDS studies, each of the ori~inal EPA (Dynamac) reviews 
inclUded the comment: liThe excessively high background 
cytoplas~ic and nuclear qrain counts in all groups make it 
difficult to distinguish between a positive and negative 
q .. :motoxic response." The average cytoplasmic grain counts 
ranged from 34.1 to 38.0 in the solvent controls, and from 31.0 
to 50.5 tor the positive controls. These cytoplasmic grain 
counts are excessive, even taking into consideration that lithe 
cytoplasmic grain count for each cell was estimated from one 
nuclear-sized area in the cytoplasm that was judgod to have the 
highest number of silver grains. I. Also, the reporting of 
accidental exposure to light with some coverslips (reported as 
not being subsequently evaluated) raises our concerns that the 
coverslips that were evaluated may have also been accidentally 
exposed to light. 

While there was no evidence for any ot the three compounds of 
an increase in mean net nuclear qrain counts at any dose level, 
with the heavy nuclear labeling in the positive controls it is 
difficult to see how cells in s-phase could be differentiated 
from those in which UDS was occurring. While it i. evident that 
2-AAF at 2.223 ~g/mL (-0.01 mM) elicited a positive response, 
it is possible that a somewhat weaker positive control (perhaps 
2-AAF at a lower concentration such as 0.001 mM would have given 
considerably more equivocal results. For these reason., these 
studies remain classified as unacceptable. 
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2. Allot the in ~ mouse bone marrow micronucleus te.ta were 
previously c1a •• itied as unacceptable because there was 
insufficient evidence that the highest do... te8ted were 
adequate. After examining the reviews, this eeviewer concurs 
wit.h the original classificationa of the 2, 4-D BEE and 2, ~-D IPA 
studies aa unacceptable. In the 2,4-D BEE assay, there were no 
mortalities among the 15 males and/or 15 femalea at the HOT (375 
mg/kg). For 2,4-0 IPA there were no mortaliti •• at the HDT (750 
mq/kg) at the assay. The lack of mortalities in thea. studi •• 
(and no reporting ot any adverse signs) strongly auggests higher, 
doses could have been administer6d (more than 15 animala/sex 
could have received the HDT so that replacement animals would 
have been available). It ia noted that a shift in the PCE to 
NCE ratJ.o may be a reflection of the biological responae of the 
target (bone marrow) tissue, and the Agency takes this into 
consideration in determining whether the HOT was Adequate. 

Par 2,4-0 TIPA, 1/15 Dlales and 1/15 females died at the HDT (750 
mg/kg). While symptoms were not reported, it is concluded that 
the oct:urrence of mortality in 2 animals is sufficient to 
demonstrate that the HOT was adequate. The classification of 
the .2,4-0 'rIPA mouse micronucleu9 assay is then uP9raded to 
acceptable. ' 

3. After reevaluation of the Ames studies (and takinq into account 
the registrant's comments regardinq the spontaneous incidence 
of TA9S and TA100 revertants on Oxoid L-11 agar) it is concluded 
that the Ames studies and their negative findings can be 
conditionally accepted, and do not need to be repeated, provided 
the registrant conducts two studies on 2,4-0 BEE and 2,4-0 ~PA, 
and one study on 2,4-0 TIPA (since the mouse micronucleus has 
been reclassified as acceptable) to meet the new (March, 1991) 
mutaqenicity guidelines, series 84 of Subdivision F, Addendum 
9 to the pesticide Assessment Guidelines (see attached copy). 
Specifically, these stUdies would inClude a mammalian cells in 
cultUre torward gene mutation assay (such as a study utilizing 
mouse lymphoma L5178Y cells ana the thymidine kinase gene locus, 
maximizing assay condl tions for small colorlY expression and 
detection) for all three compounds, and an in ~ cytogenetics 
study (preferably using rodent bone marrow) using either 
metaphase analysis tor chromosomal aberrations or a mi::ronucleulII 
assay for 2,4-0 BEE and 2,4-0 IPA. Note that UDS assays are 
not included. 

J 



'. 

-4- 009·17G 
DilQullign: 

ReqarcUng the UDS stucH.. (original sUbmi.sions in DID nOI. 
414981-01, 414981-02, and 414981-03), each of the reviews had the 
aame following comment: "Althouqh the dose rang. tested and the 
protocol desiqned for the study appeared to be adequate, technical 
problems with the assay preclude an accurate .. sae •• ment ot the 
results. The excessively high backqround cytoplasmic and nuclear 
qrain counts in all qroups make it difficult to diatinquiah between 
a positive and negative qenotoxic response. II In addition, as noted 
in the moat recent response from the registrant, there was Qnly one 
acceptable sliae/treatment/assay since, 'I during the coating of the 
slides with photographic emulsion, the slides were accidentally 
exposed to a pulse burst of ltqht. 1t 

The followinq "representative" (solvent and positive control., two 
highest doses evaluated from each of two duplicate assays) results 
are provided in the Dynamac reviews: 

2,4-0 TIPA: Mean Net 
Average Nuclear 

Cells Cytoplasmic Grain 
f[ll!;miD~ 1l211Lmi. §~g[lS& Si[iin ~Q:YIl~ S:gYDti i §IIL. 

Solvent control 
culture medium 100 35.5 -12.4 ± 6.4 -- 100 36.5 -11.9 :.t 6.4 

positive control 
2-AAF 2.223 1J9 50 50.5 49.5 ± 7.3 

2.223 IJq 50 45.1 55.8 ± 8.8 

2,4-0 TIPA 500.0 #L9 100 29.4 -9.2 ± 5.4 
500.0 IJg 100 36.9 -10.8 ± 6.3 
166.7 IJg 100 40.5 -15.3 ± 7.4 
166.7 J.l.9 100 42.0 -10.9 ± 6.7 

2,4-D IPA: Mean Net 
Average Nuclear 

Cells Cytoplasmic Grain 
f[esatmant Dose/mL Scored Grain Count count + i·D. -

Solvent control 
culture medium 100 37.6 -13.0 ± 6.6 -- 100 38.0 -14.5 ± 7.2 

Positive control 
2-AAF 2.223 #L9 50 50 .. 5 49.5 ± 7.3 

2.223 1'9 50 45.1 55.8 ± 8.8 

2,4-D IPA 500.0 IJfJ 100 35.5 -11.6 ± 7.2 
500.0 I'q 100 33.7 -11.7 ± 6.7 
166.7 #LfJ 100 41.2 -15.1 ± 7.4 
166.7 IJq 100 42.5 -16.3 ± 7.5 

.• - 4 
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2,4-0 BEl: Mean Net 
AVf'ra98 Nuclear 

C.II. Cytopla •• io Grain 
~'II:t •• Dt tU.11ILmL Sgg[ld ~'I;LD ~2\lIl:t CQYDt ;t Slg. 

Solvent control 
DMSO 10 IJL 100 34.1 -16.6 ± 7.1 

10 ~L 100 34.1 -13.0 t 6.2 

positive control 
2-AAF 2.223 1J9 50 35.6 . 64.4 :t: 8.0 

2.223 1J.9 50 31.0 69.0 ± 7.3 

2,4-0 BEE 500.0 IJq 100 36.2 -14.6 ± 7.8 
500.0 1J.9 100 31.5 -14.4 :t 7.0 
166.7 1J9 100 34.5 -USe1 ± 6.9 
166.7 "'9 100 33.6 -13.9 ± 6.5 

On examination of the data above and comments from the registrant, 
the tollowing points can be made: • 
1. The sum of (average cytoplasmic grain count) + (mean net nuclear 

grain count) tor the positive controls. is equal to 100 or 99.9, 
which indicates tnat all (or almost all) of the nUClei evaluated 
trom this group were scored a. having 100 grains (also, positive 
control valu •• tor the 2,4-0 TIPA and 2,4-0 IPA studies are the 
sama, suggestinq that the UDS assays for th •• e two active. used 
the same positive control cultures). This is consistent with the 
registrant's response to pr~vious reviews in which it i. stated 
(for positive controls): ttTne nuclear laballing WIlS so heavy 
that an accurate counting of individual nuclear grains was not 
possible and a minimum grain count of loo/nucleus was only an 
estimate." 

2. The average cytoplasmic qrain counts are excessive, even taking 
into consideration that lithe cytoplasmic grain count for each 
cell was estimated from one nuclear-sized area in the cytoplasm 
that was judc;ed to have the h;Lghest nYmber of .ilver grains." 
In the tirst assay with the 2-AAF positive control for 2,4-D 
TIPA and 2,4-0 IPA, sliqhtly more than half (50.5') of the 
reported value for nuclear grains WIlS from the background, and 
the value (45.1) was nearly as high in the second assay. While 
it is evident that 2-AAF at 2.223 ~g/mL (- 0.01 mM) elicited a 
positive response, one of this reviewer's concern. is that A 
somewhat weaker posi ti va control (perhaps 2-AAF at a lower 
concentration such as 0.001 mM) would have given considerably 
more equivocal results. 

3. with the heavy nuclear labeling in the positive control cells, 
it is difficult to see how calls in S-phase could be 
differentiated from those in which some ODS was occurring. If 
some heavily labelled eells were present on alide. from oulture. 
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exposed to the,teat materials, they might .imply be cl ••• ified 
as cella in S-phase 

In the material that the registrant has submitted from the open 
literature (Tong, McQueen, Ved Brat and Williams, 1988, and 
McQue.n, Rosado and williams, 1989), average cytopla.mic grain 
counts are not reported. However, it is noteworthy that the 
for the positive control (in the study by Tong et al.) 2-
amino fluorene at 0.1 aM the mean net grains/nucleus was 72.2: 
despite this relatively high value there is 'no indication that 
there was any necessity for assigning grain count values of 100 
to nuclei (and the text indicates that counts were made using 
an Artek electronic counter). Further, the sensitivity of the 
assay was demonstrated by testing 2-aminofluorene at 0.01 mH. 

For the.e reasons, these stUdies remain classified .s 
unacceptable. 

All of tne in ~ mouse bone marrow micronucleus test. were 
classified as unacceptable because thare was insufficient evidence 
that the highest dose was a MTD. 

rn the assay conducted on 2,4-0 BEE, the mortalities in the· 
preliminary dose-ranging test were as follows: 

pose (mg/kg} 

250 
500 

1000 
2000 

Mortallties/Poseg 

0/10 
8/10 

10/10 
10/10 

On the basis ot these findlngs l 375 mq/kq was selected as the 
highest dose l.vel in this study (the lower dose levels were 37.5 
and 125 mg/kq). 

Within the study itself, there were no mortalities among the 15 
males and/or 15 females which were dosed at 375 mq/kg. Further, 
there was no indication within the report that any siqns of 
toxicity occurred at this dose level (signs mayor may not have 
been present, as the t.xt in MRlD 420157-04 states: "Clinical signs 
of toxicity were not evaluated either in the initial ranqe-findinq 
study or in the micronucleus test, and hence data on overt toxicity 
1n the treated animals was not reported. It). However,.s was noted 
in the oriqinal review: "without evidence of compound toxicity or 
interaction with bone marrow c.lls, there is no assurance that the 
maximum toler'lted dose (MTD) was achievad. tI 

.. -'. 6 
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w. conour with the conclusion. of the original review then that: 
"The study i. unatceptable and should be repeated with a laval of 
2,4-0 B!! that clearly demonstrate. that the MTD was aehieved." 
In order to demonstrate that the high •• t do.e i. adequate there 
could either be some mortaliti.s related to exposure to the te.t 
substance (the number of animals dosed at this level would then 
have to be in excess of lS/sex, 80 that replacement animals would 
be available), or frank symptoms of compound toxicity (either to 
the animals or bone marrow cells) would have to be present and 
reported. 

In the mouse micronucleus aBBay conducted with 2,4-0 TIPA, the 
mortalities in the preliminary dose-range test were as follows: 

Dol. (mg/kg) 

500 
1000 
2000 

Mortalitie,!Pos.a 

0/10 
2/10 
8/10 

In the original review it is stated that the 2 animals which died 
at 1000 mqlkq were both females, and the.deaths occurred at least 
4 days after treatment. 

The dose levels te.ted in the subsequent micronucleus assay were 
75, 250, and 750 mq/kg. At 150 mq/kq, 1/15 males and 1/15 females 
died within 72 hours of dosinq. While symptoms were not reported, 
it is concluded that the occurrence of mortality in 2 animals is 
SUfficient to demonstrate that the HOT was adequate. The 
classification of the 2,4-0 TIPA mouse micronucleus assay is then 
upgraded to acceptable. 

In the .ouse micronucleus assay with 2,4-D IPA, the mortalities in 
the preliminary close-ranqe test were as foll,')ws: 

QOS' emg/kg) 

500 
1000 
2000 

Mortalities/posed 

0/10 
2/10 

10/10 

As with 2,4-0 TIPA, closes administered in the micronucleus assay 
were 75, 250, and 750 mg/kg. There were no mortalities at any of 
these doses of 2,4-0 IPA. 

The registrant has cited the paper by Mavournin et a1. (1990), from 
the u.s. Environmental Protection Agency ~ene-Tox Program. This 
paper recommends -SOt of the LDse as the highest dose in this 
a.say. However, wi th respect to testing pesticide., we do not 
aocept this recommendation. In short, this study remains 
classified as unacceptable. 

....... 7 
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Regarding the Ame. a.says, the major question regarding the 
acceptability of ~he.e studies is the lower-than-usual revertant 
incidence ob.erved for TA98 and TA100. According to the moat 
recent re.pon.e (MRID 420157"'01) from the regi.trant, "In the 
studi •• submitted, the spontaneous reveraion frequency ranged from 
tS to 22 for TA98 and from 38 to 77 lor TAlOO. The reviewer, citing 
an acceptable range of 15-50 fo~.. TA98 and 100-200 for TA100, 
concluded that the genetic characteristics of the tester .trains 
used in our studi •• were compromised. In the r.8pon~. submitted 
earlier, it was stated that the some what lower raversion. 
frequencies in our stUdies was due to the us. of Oxoid L-11 aqar 
in the preparation of minimal medium petri plates and not due to 
the loss of any of the genetiC characteristics of the strains." 

After exa~ining the stUdies and initial responses from the 
registrant (in MRIOs 413882-02, -03, -04, 417979-01, -02, and -03) 
the following comments appear to be appropriate: 

1. The R-f~ctor plasmid, pKM101, is normally associated with ampi
cillin resistance. There is nothinq with.i.n the repurta (or 
response8) that specifically states that the TA9S and/or TA100 
strains were test.d for ampicillin resistance, the closest it 
gets to such a comment is (see, for example, p. 6 of 417979-01): 
ItAll of our overnight cultures for the mutagenicity ilspays were 
started from tester strains stored as frozen permanents at -
100·C or below. For each inooulation, a new vial of the frozen 
permanent was used. The genetic characteristics of the strains 
were verified prior to freezing and the frozen stocks were used 
within a year of storage. 1I 

2. There Is nothing within the original reports as to what the 
laboratory considers as acceptable revertant ranges for the 
different tester strains. It is noted, however, that in the 
2,4-0 BEE assay the solvent control for TA98 in the first assay 
yielded a mean of 22 revertants/plate; in the second assay there 
was a "mean" of 6 revertants/plate (this was the value f()r only 
one plate, as two plates were "contaminated with funqustt), and. 
the assay for this strain was then ~epeated ~ third time (mean 
no. of revertants in solvent control: 11). Presumably (although 
the report does not say so) the third assay was done because the 
results trom the second were in some way unsatiSfactory 
(incidence of revertants outside the acceptable range for 
solvent controls in the absence of S91). 

3. It is possible to compare results fer TAlOO and TA1535 (the 
strain from which it originated); in both cases the positive 
control in the absence of 89 was sodium azide (25 ~g/plate) and 
the positive control in the presence of 69 _as 2-anthramine (3 
#9/p1ate). The positive control in the absence of S9 elicited 

.' 8 
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•••• nti.lly th. .am. r •• po~.. in both str.ins, oth.rwi.e 
(including po.itiv. control. in the pre.ence of S9, solvent 
controls both with and without S9) there wa. 98n.rally an 
approximately lOX incidence in E'evertants in the TA100 •• 
compared. with 'l'A153!5. While this observation ha. to be 
interpr.ted cautiously (there is no guarantee that the TA100 and 
TA1535 strains in this study were genetically identical except 
for the presence ot the plasmid in the TA100), the finding_ are 
at least consist.ent with this TA100 being more susceptible to 
the appropriate mutagen. than TA1535. 

4. Atter taking the above observations into con.ideration (as w.ll 
as the registrant's comment. reqarding Oxoid. L-11 aq&r) it i. 
concluded that the Ames studies and. their negative findings can 
be conditionally accepted, and do not need to be repeated., 
provid.ed the registrant conducts two studies on both 2,4-D BEE 
and 2,4-D IPA, and one study on 2,4-D 'l'IPA, to meet the new 
(March, 1991) mutagenicity quideline., series 84 of subdivision 
F, Aad.endum 9 to tt.e Pesticiae Assessment Guidelines (see 
attachdd copy). Specifically, these studi.. would includ.e a 
mammalian cells in culture forward gene mutation a •• ay (such as 
a study utilizing mause lymphoma L5178Y cells and the thymidine 
kinase gene locua, maximizing assay conditions for small colony 
expression and detection) for all 3 compounds, and an in ~ 
cytogenetics study (preferably using rodent bone marrow) using 
either metaphase analysill for chromosomal aberrationa or a 
micronucleus assay (for 2,4-0 IPA ana 2,4-0 BEE). Nota that a 
UDS assay would not be appropriate. 

. ,.' 9 
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FOREWORD 

Th •• e revi.ed mutaqenicity qui4eline. are intended to replace 
the .et at mutaqenicity quiaeline. ariqinally published in the 1982 
Pesticide A •••• am.nt Guid.line., SubdivisionE, Hazard Evaluation: 
Human and Dom •• tic Animals, S.rie. 84: Mutaq.nicity (Oftice of 
Pesticide Proqrams, Waahinqton, DC, publication' EPA-540f9-82-025, 
pp. 147-151; published aqain in 1984, publication # EPA-540f9-84-
014, pp. 147-151). Th ••• newly desiqnated mutagenieity quidelin.s 
have b.en reviaed in coordination with the upcominq proposed 
revisions for the Part 158 (Data R.quirements for Reqlstration) of 
the Code at Federal Requlations (40 CFR Prot.ction of 
Environment). -The •• revis.d Subdivision F mutaqenicity quid.linea 
have underqon. extenaiv. Aq.ncy review and public comment .s well 
.s review by the Offic. at Pesticide Proqrems- Scientific Advisory 
Panel (SAP). rh. rational. and deciaiona b.hind the revisiona •• 
well .s r •• pon.e. to the public comments and SAP will b. PUbliShed 
in a prof ••• ional journal (manuscript·.ntitl.d "Consideration. 1n 
the u.s. Environmental Prot.ction Aqeney's T •• tinq Approach for 
Mutaqenicity" co-author.d by K.rry L. o •• rtleld, Anqela E. Auletta, 
Michael C. Cimino and Martha M. Moore). 
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84-1 furpAI' Ina General Bacomm'nda~lgnl tor M~tI9'Dig1~Y Testing 

<a) !n.n r.q~ired. A. r'quirad by 40 eFa (Code of F.d.ral 

R'9~lation.) ~art 158 (Data R.q~ir.m.nt. tor R.q1.tration), 

mutaq'qicity data shall be submitt.d to support the r.ql.tration of 

.ach .anuCacturinq-ul. product and .nd-ul' product tnat m.at any of 

the followinq crit.ria: 

(1) Th. uaa require. a tol.ranc. for the p •• ticid. or 

.x.mption from the requirem.nt to obtain a tol.ranc., or r.quir •• 

the i •• uanc. of a food additive raqulation; or 

(2) Th. p •• ticid. product i. likely to r •• ult in .ignificant 

human .xpo.ur.; or 

(3) Th, activ. inqr.dl.nt(.) or any of it. (th'ir) m.tabolit •• 

are .tructurally-r.lat.d to a muta,.n or carcinoq.n, or b.lonq. to 

any ch •• ieal ola •• of compound. containin, a .ignificant number of 

muta,.n. or carcinoq.n •• 

(4) I •• , .p.cifically, 40 cpa 'art 15. ( •• ction: Formulator.' 

Ix •• ption) and 'art 158 ( •• ction: ToxicolOfY Oata •• quir ••• nt.) to 

det.rain. wh.th.r th ••• data mu.t be .u~itt.d. section IleA of 

tftil .u~iYialon containa an additional diacu •• lon of the 

1 
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"Formulator." Exemption" and who must submit the required data as 

II. qenezoel rul.)o 

(b) purgo... For each test substance, required tests are 

neclssary to ass ISS t.hl potential of a t.est chlmical to aftect 

qenatic material. Results from su~ assays may be USld as part of 

• qualitative and/or quantitativa risk a •• e.ament. Th. objective • .. 
underlying the US8 of the results from tests tor mutaqenicity 

a ••••• m.nt are: 

(1) To detect, with appropriate assay ~ethod., the capacity of 

a ch.mical to alter gen.tic material in cells; 

(2) To incorporate the •• findings in • 
(A) The •••• ssm.nt of heritable g.n.tic alterationa ot 

concern to human. (cf. Ag.ncy'. Guid.line. for Mutaqenicity Ri.k 

A ••••• m.nt, i •• ued September 24, 1988, 51 FR 34008); 

(8) The w.iqht-of-evid.nc. approach for a carcinoq.nicity 

cla •• ification of a ch.mical when r •• ult. trolD carcinog.nicity 

studies ar. baing con.idered (ct. Ag.ncy·. Quideline. for 

CarcinQ9.n Ri.k A ••••• m.nt, is.ueel September 24, 19.6, 51 FR 

33992). Furthermora, mutaq.nici1:y teating information may be 

helpful in the .election ot an appropriate hiqh to low do •• risk 

extrapolation model if the chemical i. a d.monstrable carcinogen; 

(C) The d.ci.ion to require the p.rformance ot a 

carcinQ9.nicity atuely if auch a .tudy ia conel1tionally requir.d a. 

detailed 1n 'art 158 (.action: Toxicoloqy Oata Requir •• enta)_ 
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(.C:~ iybJ1:incI to be tested. Testinq shall be pertormed with 

the technical: qrade of 8.CI'\ active ingredient in the product. 

Additional testinq may requ.ire the u.se Qf alternative qrades Qf 

test substance as detailed 1n Part 158 (section: Requirements for 

AdditionalOata). 

(d) standArds for metabolic activation. (1) Chemicals are 

often non-mutaqenic unle.s converted to an active mutaqen by 

metabolic processing. For other chemicals, the reverse may occur, 

i.e. detoxification. Generally, it is necessary to induce various 

enzyme activities in order to demonstrate possibll mutagenic 
• 

ettect., especially in qenetic tests that arl of ahort duration 

such •• assay. performed in yitrQ.· Theretore, a metAbolic 

activation syste. shall ba incorporate4 into any t.st system that 

do.s not provide adequate metabolic capabilitie.. It i. recognized 

that the .pecie. of origin and concentration of livlr homo9lnatl, 

a. well a. the chemical used as an enzyme inducer, can influlncl 

the mutaqlnic response of in xitro t •• ts. 

(2) The te.t substance shall be telted both in the presence 

and the abs.nc. of mammalian tis.ue extracts (with appropriate 

cofactor.) which have been demon.trated to convert a wide range of 

ch •• ical "P~oau~.9.n." (.ub.~anca. which are Iluta,enically-inactive 

in the abaenee ot the ti •• ue extract.) to mutagenically-active 

.ub.tance.. Rat liver extract. have had the qr •• t •• t us.9'. An 

exa.ple of such an activation .v.te. would ba cofactor supplemlnted 

po.t-aitochondrial fraction. prepared tro. the liver. of rats 

3 
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trea~ecI ""Wi tm enzyme inducers. Aroclor 1254 i. typically the most 

widely used in4ucing agent in short-term genetic testing; however, 

if it is shown that other inducing agents are more appropriate for 

the test chemical, alternative inducing agents may ~. considered. 

(1) other tissue extracts may be considered in addition to 

liver extracts when the principal site of metaboli.~ of the test 

subatance is known not to be the liver, or when other tissue., 

including plant tissue, are known to give positive results with 

chemical •• tructurally-related to th •• e chemicals. Hepatocyte. may 

also be con.ielered to provide metabolic activation, either co

cultur.d with a target cell, or a. the primary aE.ay system. As 
• 

another consideration, the t.st substance may also be exposed to 

metabolic proCle •• ing in intact mammal. by a ho.t-mediated "yate. in 

whieh the t&r;et c.l1s are ins.rted into host tissu.s or body 

cavities. However, before any alternative. to the usual induced· 

rat liver extract. are u.ed, the.e .hould be discu •• ed with the 

Offic. ot , •• ticide Programs (OPP). 

Ce) Centrpls. All .ssays sh.ll be run with concurrent positive 

and negative controls. Any .xceptions to this are found in the 

t •• ting quid.lin •• for individu.l ••• ay. ( ••••• ction 84-2, (e)). 

(1) 'olitiYI controll. POlitivl control compound. Ihall be 

•• l.c~ed to d •• onstrat. both the .enlitlvity of the test .y.t •• 

and, wher. appropriate, the functionin, of the •• tabolic activation 

For J..D yitro •••• y., the positive control compound 1. 

u.ually a4.inis~erec:l in a .olvent that i. appropriate to the 
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properi!a.·ot tne compound. It feasible, ~he solvent should be the 

same a. the on~ u~ad tor the test Chemical. The positive control 

in many instances is selected in accordance with t:he pertormi."q 

tacility's hi.tQrical dat:abase to allow comparison with previ~u. 

pertormances ot the assay system. ~or in ~ as.ay., where it i. 

fe.aible, the po.itive control Should be administered in the same . 
vehicle and by the same route as the t"st chemica 1. It ifl 

recoqnized that there may be circumstance. where this would not be 

feasible and positive controls administered with a ditterent 

vehicle and by a different route would be acc.ptable. 

(2) Negatiye control.. A solvent/vehicle control shall be 
• 

included with each qanetic toxicity test. Althouqh useful 

information may be obtained trom the· additional u.e of a non

solvent ne9atlve control tor in vitro •••• y., fully adequate tests 

need not include a non-solvent neqative control. 

5 
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(a) TIlt. requirt". The sel.ction of t.at.a should provide 

information in accordanc. witn the purposl. round in B4-1 (b). 

(b) Initil1 batttry. Ch.mieals that art to b •• ubmitt.d to the 
" 

Offic. of p •• ticid. Pro9rams (OPP) for ~eqi.tration purpol •• sh.ll 

b. t.lt.d in the followinq t •• t syst ••• in aceord,nc. with part 158 

( •• etion: Toxicoloqy Oata R.quir.m.nta): 

(1) SalmoD'11. t~ghimurium r.v.rs. mutation ••• ay 

(2) Ma .. alian c.lla in cultur. forward q.n. mutation .I.IY , 
allowinq d.t.ctlon of polnt mutation., llrq. d.l.tiona and 

ohro.o.o .. l r •• rranq ••• nt., .uch a.; 

(A) Mou •• lymphoma L5178Y e.ll., thymi4in. kina •• (tk) 

q.n. locu., maximizinq ••• ay condltlon. for .mall colony .xpr ••• ion 

~n4 d.tection; or, 

(I) Chin ••• h, •• t.r ovary (eHO) or Chine •• h, •• t.r lun; 

fil::lrC"'bla.t (V79) c811., hypoxanth ine-quan in. pho.phoribo.yl 

tr.n.f.ra.. (hqprt) q.n. lOCu., acco.pani.d by an appropr~at. in 

vitro t •• t tor cl •• to;.nicitYi or, 

(e) Chin •• e h ••• t.r ov.ry (CHO) c.11. .tr.in A152, 

xanthin.-vu.nin. pho.phoribo.yl tran.f.ra •• (xprt) q.n. locu •• 

(3) 1A~ c~to,.netic. (i"iti.1 con.i4.ration u.u.lly qiven 

to rodent bon. .arrow) u.in9 ei~h.r: 

(A) M.taph •• e ana1y.i. (.berr.tiona); or, 

CI) Micronuc1.u ••••• y 

, 
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(-... Ttl. submitt.r or the OP', upon r.view of the chlmical, may 

a..... that at.ar tests may ba mora appropriate than tho.. in the 

initial Dattary. It a substitution and/or modification(s) for a 

ta.t or t •• t. in tha initial battery are sU9ge.ted, then 

alternative. to the initial battery.shall-be discJssecl with the opp 

before the t •• ts ara initiatilltd. If test. tor endpoints that may })e 

pradictiv. of mutaqanicity are perform.d in addition to the initial 

battery, the rasults ot 3uch t.sts shall be .ubmitted to the opp 

alonq with re.~lt. from the initial battery. Also,.s complete a 

ref.rence list as poss!})l. of studie./pap.r. examininq the 

mutaq.nicity of the test chemical shall be submitted i..'ith. the • 
• ubmitted mutaqanicity tests. Submitters are encouraqed to .ubmit 

all other data relevant to muta9.nie activity (e.9 •• etabolis., a. 

part ot their .ubmi.sion. 

(c) ;qnCirmator¥ tilting_ Te.tinC)' to confirm result. from the 

initial batt.ry or trom oth.r relavant intormation may be required. 

Thi. would provide clarification of equivocal r •• ult. or help 

r •• olve discordanee .mon9 th.e te.t r •• ult. initially submitted to 

the OPP. Al.o, additional initial testinq may be requir.d to 

ext.nd the re.ult. obtain.d from the initial battary. On. example 

.. y be the parforaance ot additional in xixR cytogenetio. te.tlnq 

to .dd~e.. .uch conoern. •• tar,et ti •• ua/or,an or .peoie • 

• ,.cifioity, differlnce. in •• taboll •• O~ distribution, a. well •• 

structure-activity relation.hip (SAlt) con.ideration •• A.noth.r 

•••• pl ... y be an evaluation for nu •• ~1cal chromosomal alterations. 
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(d-)- DIoi.ion point. Once t •• tinq bas btlen performed in 

accordance with 84~2 (b) and (c), the opp will consider the testing 

~esult. in accordance with the pu~pase. for muta;enicity teating 

(section 84·1 (b». 

(1) Decision for no further testinq. 

The purpose ot the initial battery, confirmatory testing ,. 
and any additional evidence is to qenera~e the appropriate 

information to discern if the chemical in question po... a 

mutagenicity hazara or not (i.e. hazard identification). It no 

mutaqenicity hazard is discerned from the body of avidence 

available to the OPP, there may be no requirement for turther • 
te.tinq at this time. It' additional future evidence .uqq".ta there 

may be • mutaqenic hazard, then the decision for no further test in; 

will be reconsidered. 

(2) Decision to continue evaluation tor heritable affects. 

CA) Further te.tinq to disc.rn potential heritable risk 

tor hwaans will be considered. in accordanc. with the Aqency" 

Guid.line. for Mutaqenicity Risk A ••••• m.nt. Thi. d.liberation 

will consider all mutaqenic1ty test r •• ults a. well.. other 

consi4erations, inclu4in, tor example other appropriate toxicity 

te.t r •• ults (e.q. reproduction, tarqet orqan specificity, 

aubehronic and chronic), .xposure, SAR aspect., .echani •• I, and 

•• taboli... Potential int.raction with wer1ll cell tal:qet (I) will b. 

particularly .xa.in.d. Once the •• deliberation. are completed, 

there •• y be no requirement for further t •• tinCJ at this ti.e. 

However, if the wei;ht-of-evldenc. .uCJwe.ta further te.tin" 

I 
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t •• tinq~h.t shall be perrormad may involve cytoqanetic t •• tinq in 

.parmat09onia ~nd/or sp.rmatocyte. ot rodents, dominant l.thal 

ce.cinq, or te.tinq tor other evidenca ot chemical interaction with 

qara calls. This w~uld allow an initial d.~ermln.tion or potential 

qan.tic aff.ct. at the tarq.t or conc.rn for haritable risk. 

Furth.r t •• tinq to support a quantitative r 1.k ....... m.nt w111 

d.p.nd upon the r •• ults trom the available mutaq.nicity datab.s. 

and other r.l.vant ~~n.id.ration. (e.9- expo.ure of humans and the 

anviroJUl.nt) • 

(8, Wh.n the qualitative evidence u.inq the w.iqht-of

.vid.nc. approach a. outlined in the Aq.ncy'. Hutavenicity Ri.k 
• 

A ••••••• nt Guid.line. .u9qe.t. a potential ha.ard for heritable 

autaqenic effect., appropriate t •• t. tor quantifyinq heritable ri.k 

.hall be p.rform.d. Currently, the follovinv are availabl.: the 

.p.cific locus te.t (visible or bioch •• ical) and the h.ritable 

tran.location t •• t, both p.rformed in rod.nt •• A deci.ion to 

require .ither or both of the.. te.t. would De ba •• d upon 

a ••••••• nt •• ad. up to this point. For .xampl., a ch •• ical with 

d.mon.trat.d autagenic activity and .ufficient evidence of ,erm 

cell int.raction would be a candidat. for such t •• t1nq. One. 

re.ult. ar. r.c.ivecl upon compl.tion of appropriate te.t. tor 

quantityinq heritable ri.k, a quantitative risk a ••••••• nt will b. 

pertor.ed in accordanc. with the Aq.ncy·. Guid.11n.. for 

HUt_v_nicity Ri.k A ••••••• nt. 

9 
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(~- ." Deciaion on evidence to support carcinoqenicity 

classification .. 

If a chemical ha. be.n te.tect for oarcinoqeniclty in 

accordance with pare 158 (.ection: ToxicoloC)'y Data Requirement.), 

then result. of available mutageni~ity teatlnq will be us.4 with 

the carcinoqenicity test Ca) result. as part ot the weiqht-of

evidencI approach for clasaifyinq the car~inoqanicity of the 

cha.ioal in aooordanCI with the Ag.ncy·. Guidelin.s tor Carcinoqln 

Risk A ••••••• nt. 

(4) Deci.ion to require carcinoqenicity te.ting_ 

• When carcinoqenicity te.ting i. conditionally required in 

accordence with Part 158 (aeotion; Toxicology Data aequire.ent.), 

evidence of che.leal mutagenicity .ay provide the b •• i. to require 

• careinoqanicity .tudy tor that che.ical. 

(e) 1:111;.109 quidaline,. Guidance for the pertormance ot 

mutaqenicity te.tinq i. tound in the 40 erR Part 798 - Health 

Ettect. Te.ting auldeline., subpart F - Genetic Toxicity. Th ••• 

quideline. are plriodically revis.d when appropriate to refl.ct the 

current state ot the science tor each te.t. Where no quideline is 

given, .ubmitter. ar. advi.ed to discu •• with the opp proposed 

.ethod. tor the chosen te.t to en.ure acceptability of the 

mutagenici ty te.t and 1 ts re.ul ts • Becau.e ot the continual 

improve.ent. in this field, submitter. are encouraqed to discu •• 

with the opp test in; battery .election, protocol de.19n and re.ults 

1Q 
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. . .. 
of preltaiftary t •• tinq. Te.tinq Ihall be performed under Good 

Labor«tory Practice (GLP) Standards which are lound in the 40 erR 
Part 160 (Good Laboratory Practice Standard.). 
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